The present experiments investigated the influence of combined phonological and semantic information on lexical retrieval, metacognitive retrieval states, and selection in an immediate multiple-choice task. Younger and older adults attempted to retrieve words (e.g., abdicate) from low-frequency word definitions. Retrieval was preceded by primes that were "both" semantically and phonologically related (e.g., abandon), phonologically related (e.g., abdomen), semantically related (e.g., resign), or unrelated (e.g., pink). Younger and older adults benefited from phonological primes in retrieval, and also showed reduced, but reliable, facilitation from "both" primes. Younger and older adults also indicated that they were likely to "know" the answer more often after any related primes compared with unrelated primes. Because there was no facilitation in actual retrieval after semantic primes, this reflects a false "knowing" response. After each retrieval attempt, participants were given the correct answer along with the 4 primes in a multiple-choice test. Both younger and older adults were likely to false alarm to the "both" and semantic alternatives. When instructed that the prime was not the answer, younger adults decreased their false alarms, but not the older adults. With masked, briefly presented primes, younger adults mimicked the false alarms shown by older adults, suggesting that the high false alarm rates in older adults reflect an inability to discriminate the source of activation. The present experiments provide strong evidence for age-invariant phonological facilitation, and also suggest that overlapping semantic information moderates the facilitatory effect of phonological information on retrieval, and also produces age-related differences on an immediate multiple-choice task.
Although lexical retrieval seems effortless and automatic in most situations, word retrieval involves complex interactions among phonological, semantic, and syntactic information to produce meaningful speech (e.g., Dell, 1986) . Word retrieval failures can be characterized by the inability to retrieve any one or all of these dimensions, and individuals sometimes report access to partial information about the word in such situations (Brown & McNeill, 1966) , as reflected by tip-of-the-tongue (TOT) states. Interestingly, lexical retrieval failures and TOTs increase in older adults (A. S. Brown, 1991; Burke, MacKay, Worthley, & Wade, 1991; Rastle & Burke, 1996) , even though many aspects of lexical processing are relatively uncompromised in healthy older adulthood (Allen, Madden, & Crozier, 1991; Cohen-Shikora & Balota, 2016; Whiting et al., 2003) .
An important aspect of word retrieval is the nature of information available to constrain lexical retrieval. A prominent spreadingactivation account of lexical retrieval suggests that failed activation of phonological units of the word may lead a person to have access to partial information, but prevent them from successfully retrieving the word (Burke et al., 1991) . Incomplete activation of a lexical item may be a result of impaired access to phonological information about the word, which can be resolved by providing phonological primes or cues (James & Burke, 2000; Meyer & Bock, 1992) . Alternatively, some researchers have argued that the availability of phonologically related information in some cases can inhibit/block access to the target word (Jones, 1989; Jones & Langford, 1987) . Most research has found evidence for facilitation from phonologically related information (Meyer & Bock, 1992; Perfect & Hanley, 1992; Rastle & Burke, 1996) , although some studies have reported inhibitory effects of processing orthographically related information on subsequent target retrieval (Logan & Balota, 2003; Smith & Tindell, 1997) . The discrepancy in these studies may be due to differences in type of retrieval task or type of stimuli (for a discussion, see Logan & Balota, 2003) .
A fundamental question that arises from the literature involves the optimal lexical constraints that lead a word to reach threshold for successful retrieval. Priming paradigms that manipulate the information available at the time of retrieval provide insight into the processes underlying lexical retrieval and differentiate between the specific conditions under which such information may facilitate and/or inhibit retrieval. For example, Meyer and Bock (1992) presented participants with low-frequency word definitions, followed by cues, and asked participants to report the answer to the definition and when they could not report the answer, report if they were in a TOT state. The cues in this study were semantically related, phonologically related, or unrelated to the target word. They found that cues that were semantically or phonologically related to the target word facilitated target retrieval and phonological cues were more effective than semantic cues, consistent with a spreading-activation account of lexical retrieval (Burke et al., 1991) . Further, Meyer and Bock (1992) also reported greater TOT occurrence following a semantic cue, than phonological or unrelated cues, suggesting that partial semantic information can produce increases in the subjective experience of a feeling of knowing the correct item, but not having it surpass threshold for retrieval.
A potential limitation of the Meyer and Bock (1992) study is that it only investigated the influence of phonological or semantic cues and did not examine the influence of combining semantic and phonological information on word retrieval. It is likely that when one engages in lexical retrieval, one has partial information about both phonology and semantics. Indeed, it is the combination of these sources of information that is particularly critical in lexical retrieval, that is, the semantic context available along with the phonological information attached to that semantic information. Hence, it is particularly important to investigate the influence of primes that contain both phonological and semantic information. For example, consider the target word barter, which may have a semantic prime, tariff, and a phonological prime, bark, but also a prime that combines both semantic and phonological information, bargain. Interestingly, such words that are both semantically and phonologically related to a target have been particularly informative in studies of list-learning and false memory (Finley, Sungkhasettee, Roediger, & Balota, 2017; Watson, Balota, & Roediger, 2003; Watson, Balota, & Sergent-Marshall, 2001) . These studies have shown that false memory for words that are both semantically and phonologically related to list items is greater than the sum of the pure phonological or semantic lists, that is, superadditivity.
More recently, Oberle and James (2013) and White, Abrams, and Frame (2013) have used "both" (semantic-phonological) primes that shared the full first name with the target, to study lexical retrieval of proper names. In the Oberle and James (2013) study, participants read descriptions of famous celebrities (e.g., "The actor famous for his role in Top Gun, Jerry Maguire, and Mission Impossible"), followed by the name of the celebrity prime (e.g., Tom Cruise). The primes in this study were either "both" semantically and phonologically related (e.g., Tom Cruise) or unrelated (e.g., Nicholas Cage) to the target photo. After two filler trials, participants viewed the target celebrity photo (e.g., Tom Hanks) and indicated whether they knew, did not know, or were having a TOT for the photo, and also wrote the name if they knew it. Oberle and James (2013) found that "both" primes led to increased correct responses to the target photo, compared with unrelated primes for both age groups. Further, older adults produced more TOTs to the target photo than younger adults overall, but experienced a greater reduction in TOTs than younger adults when primed with "both" primes, compared with unrelated primes. However, Oberle and James (2013) did not compare the influence of such primes on retrieval with primes related only in phonology or semantics, and so one could not test for the separate influence of phonology or semantics. Moreover, the "both" primes in this study shared the full first name with the target, and so it is unclear whether the facilitation observed was due to phonological, semantic, or lexical overlap.
In the White et al. (2013) study, participants first viewed target questions (e.g., "What is the name of the 47-year-old blonde female actor who starred in the movies As Good As It Gets, Cast Away . . .") and either retrieved the target (e.g., Helen Hunt) or indicated whether they did not know the answer or were in a TOT state. After providing an "unknown" or "TOT" response, participants answered a question that embedded the critical prime at the beginning of the question (e.g., the "both" prime would be, "Helen Mirren, the 65-year-old British female actor, won an Academy Award for her leading role in what 2006 movie?"). Primes were phonologically related (e.g., Helen Keller, sharing the full first name with the target), "both" semantically and phonologically related (e.g., Helen Mirren, sharing the full first name and occupation with the target) or unrelated (e.g., Martha Stewart, sharing neither phonology nor semantics with the target) to the target name (e.g., Helen Hunt). Importantly, for some targets, primes either shared the full first syllable with the target (e.g., Elvis Presley, a partial "both" prime for Elton John), and for other items, primes shared the first name with the target (e.g., Helen Mirren, a full "both" prime for Helen Hunt). Following exposure to the prime, participants attempted to retrieve the target a second time.
Particularly relevant to the current set of experiments are the results for targets (e.g., Elton John) with first-syllable primes (e.g., Elvis Presley). It is difficult to distinguish between conditions in which the full first name is presented as a prime (e.g., Helen Mirren), from pure phonological or semantic overlap, because lexical overlap could occur in the former case. As noted, this was also a potential concern about the interpretation of the Oberle and James (2013) study discussed above. For targets with first syllable primes, the authors reported no differences in TOT resolution between the "both" and unrelated primes, and greater TOT resolution following phonological primes, compared with "both" and unrelated primes. Thus, this study suggests that combined semantic and phonological overlap with the target word in the first syllable does not facilitate TOT resolution, compared with only phonological overlap. Importantly, however, White et al. (2013) did not compare the influence of "both" primes with only semantic primes, and hence it is difficult to interpret the independent contribution of phonology and semantics from "both" primes. Hence, This document is copyrighted by the American Psychological Association or one of its allied publishers.
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although both of the previous studies have provided important data regarding the use of "both" primes, there are some differences in the overall pattern of results, likely due to differences in the types of primes (first-name vs. first-syllable) used, the number of retrieval attempts (one vs. two) and the dependent variable (TOT incidence vs. TOT resolution). Also, these studies targeted proper names of famous celebrities, and, as noted, did not include primes that were only related semantically or phonologically to obtain an estimate of the independent contribution of each type of relation. Clearly, further work is needed to clarify the influence of "both" primes, compared with the independent contribution of phonological or semantic primes.
The present experiments were designed to investigate healthy younger and older adults' ability to retrieve words from lowfrequency word definitions in a priming context including "both" (combined semantic-phonological), phonological, semantic and unrelated primes. We also included metacognitive judgments in order to assess the participants' retrieval state (e.g., whether they thought they knew the answer or were in a TOT state) immediately after the definition. Finally, we also examined the ability to immediately select the correct answer among alternatives as a function of prime type. In this way, we were able to examine the lingering effects of prime information in an immediate multiplechoice task, particularly on trials in which participants did not retrieve the correct answer. It is possible that the prime information may have differential influences on explicit lexical retrieval, compared with selecting the correct answer in a multiple-choice task, because the latter task may produce a source discrimination problem due to the brief presentation of both the prime (on related trials) and the definition for the target.
As noted earlier, we were particularly interested in the effects of aging, because word-finding failures are the most common cognitive complaint among older adults (Ossher, Flegal, & Lustig, 2013; Sunderland, Watts, Baddeley, & Harris, 1986) . Consistent with the spreading-activation/transmission-deficit hypothesis developed by Burke, MacKay, Worthley, and Wade (1991) , these word-retrieval difficulties could be a result of insufficient or impaired activation of phonological information, in that older adults have weaker connections between the phonological and lexical nodes of a word, leading to a loss of activation transmitted across these connections. Alternatively, greater word-retrieval difficulties in older adults may be related to other age-related cognitive changes, such as a lack of flexibility in constraining memory retrieval (Jacoby, Shimizu, Velanova, & Rhodes, 2005) and/or an inability to inhibit irrelevant information (Balota, Dolan, & Duchek, 2005; Hasher, Zacks, & May, 1999) . This is also consistent with the blocking/ inhibition deficit hypothesis that suggests that persistent alternates prevent target retrieval (Anderson, Bjork, & Bjork, 1994; Brown, 1991; Jones, 1989; Reason & Lucas, 1984; Schacter, 1999) . Although the transmission-deficit account of age-related differences in lexical retrieval has been more consistently supported in the aging literature, it is possible that the more natural confluence of both semantic and phonological information in lexical retrieval may produce some evidence of inhibition that may be exaggerated in older adults.
The present study was designed to address three issues regarding age-related changes in lexical processing. First, we were interested in examining the influence of competing lexical information on both metacognitive judgments and word retrieval through a priming paradigm in younger and older adults. As shown in Figure 1 , on each trial, participants read low-frequency word definitions and descriptions and attempted to retrieve a word that fit the definition. Retrieval was preceded by a prime that was phonologically, semantically, "both" phonologically and semantically related, or unrelated to the target word. Consistent with the transmission deficit account, we predicted that phonological primes would facilitate word retrieval, compared with unrelated primes, as found in previous studies (Burke et al., 1991; James & Burke, 2000; Meyer & Bock, 1992; White & Abrams, 2002) , and semantically related primes would reduce the likelihood of retrieving the target word, at least compared with phonological primes. This prediction is based on the transmission-deficit assumption This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
that lexical retrieval failures often involve insufficient activation from the lexical node to the phonological nodes, via a spreading activation mechanism. Semantic primes do not provide this important phonological activation (White, Abrams, & Frame, 2013) . On the other hand, the inhibition deficit/blocking hypothesis would predict specific inhibition from semantically related primes, because they would serve as persistent alternates and interfere with target retrieval. The performance on the "both" prime would be an important test of competing hypotheses, due to shared phonology and semantics with the target word. Facilitation from "both" primes would support the transmission deficit account, according to which insufficient activation of phonological units causes lexical retrieval failures, and thus providing phonological and semantic primes/cues (as in the "both" prime) should bridge this lexical gap. However, it is also possible that the activation of the "both" prime may supersede an interactive threshold which may direct attention to that item, in which case it may prevent activation of the target word, at least until the prime activation eventually dissipates. If this activation persists, the "both" prime may in fact produce inhibition. Inhibition from "both" primes would provide support for the inhibition deficit account, and suggest that "both" primes present a unique opportunity for blocking to occur because of the increased activation of a likely alternative that affords convergence of semantic and phonological information. There is clear precedent that "both" primes may provide a unique influence on performance. For example, as noted earlier, Watson, Balota, and Roediger (2003) had participants study word lists that converged on a critical nonpresented item semantically, phonologically or in a hybrid list of both. They found that false recall of the nonpresented item was highest in the hybrid list, which produced superadditive effects, that is, greater than the summed influence of semantic and phonological information (see also, Finley et al., 2017) . Watson et al. (2003) argued that this pattern may be due to the fact that semantics and phonology are typically uncorrelated, so when both of these codes are activated, it is a rare and atypical event that directs attention to the critical item. Hence, in the present set of experiments, exposure to the "both" prime in the context of a low-frequency word definition may direct attention to its lexical representation, and potentially block or inhibit subsequent target retrieval. In contrast, it is possible that the "both" primes may produce passive activation, without directing attention, and hence, merely produce facilitation due to the phonological overlap with the target, as predicted by the transmission-deficit hypothesis (see Finley et al., 2017 for such an alternative activation-based account). Importantly, as noted, there is currently no conclusive evidence regarding the potential superadditive, additive, or underadditive influence of the overlap of semantic and phonological information in the lexical retrieval domain, even though different theoretical perspectives described above, could predict each of these patterns.
Second, we were interested in studying the metacognitive states experienced during lexical retrieval across the different prime types and between age groups. As shown in Figure 1 , before producing their overt response to the definition, participants specified their retrieval state by choosing "1" if they knew the answer, "2" if they did not know the answer, "3" if they had a word in mind which they did not think was correct, and "4" if they were in a TOT state. Different types of primes may modulate the metacognitive states for the target word, which would provide further insights into the mechanism(s) underlying the retrieval process. We specifically included the "another incorrect word in mind" option to be able to distinguish between the inhibition and transmission-deficit hypothesis. If blocking underlies retrieval failure, as suggested by the inhibition-deficit account, participants should be more likely to choose this option over TOT states when they are unable to retrieve the answer, and this pattern may vary across the different prime types and age groups. Note that it is possible to be in a TOT state, and also have an alternate word in mind (Burke et al., 1991) , and so these options were not mutually exclusive. However, our instructions clearly specified that participants should choose the "another incorrect word in mind" option in any situation where it applies, regardless of whether they were in a TOT state or not. Thus, even though the number of TOTs may be underestimated through this procedure and may be affected by age-related differences, we should be able to examine if another word is coming to mind that may serve as a potential blocker in lexical retrieval. Hence, the inhibition account predicts that there will be an inhibitory influence of related primes on the response option of an alternative word coming to mind, whereas, if passive activation via the transmission deficit hypothesis is involved, then one may not expect an influence of prime type on alternative words coming to mind. Examining these retrieval states within the present priming context will help us distinguish between the two theoretical perspectives.
Turning to the influence of aging, we would expect older adults to report more TOTs compared with younger adults (Burke et al., 1991; Heine, Ober, & Shenaut, 1999; Maylor, 1990) . However, this may vary as a function of prime type because, as noted above, Oberle and James (2013) found that older adults produced a greater reduction in TOTs following exposure to "both" primes, compared with younger adults. Further, the inhibition deficit account predicts that older adults are more sensitive to persistent alternates (Hasher et al., 1999) , and thus should report greater "other incorrect word in mind" states, compared with young adults.
The third and final goal of this project was to examine the consequences of prime information in selection of possible answers to a target question on an immediately following multiplechoice probe (see Figure 1 ). There is evidence that older adults may have some difficulty excluding prime information to select the correct answer from a set of alternatives. For example, Logan and Balota (2003) showed that, compared with younger adults, older adults were specifically impaired at avoiding the interfering prime information in a word fragment completion task when word fragments were preceded by suprathreshold blocking primes. Specifically, older adults had difficulty completing a fragment (e.g., A_ L_ _GY) with an earlier studied item (e.g., ALLERGY) if the fragment was immediately preceded by an orthographically similar word (e.g., ANALOGY). Instead of producing the target word (e.g., ALLERGY), they were likely to produce the blocking prime (e.g., ANALOGY). They also found that if blocking primes were presented under near threshold priming conditions to younger adults, intrusion rates among younger adults increased, and they performed similar to older adults in the extended prime duration. Logan and Balota (2003) argued that the increased intrusion rate for the threshold primes in the younger adults likely resulted from younger adults not being able to attribute the source of the activation of the incorrect response, which led to the production of that This document is copyrighted by the American Psychological Association or one of its allied publishers.
item. Therefore, in the current paradigm, following the attempted word retrieval from a definition, participants were presented with the target word, along with the four primes in a multiple-choice test. In this way, we were able to simultaneously probe the influence of the prime on lexical retrieval success, and also the influence of the persistent prime information on an immediate multiplechoice task. If older adults have difficulty discriminating the source of activation (i.e., from the prime or from the lowfrequency word definition), we expect to find an increased likelihood of selecting a semantically related prime, as opposed to the correct answer, on the immediate multiple-choice test. Specifically, because this task is driven by low-frequency word definitions that direct attention to semantics, we may expect older adults to be more prone to choose the previously presented semantic and "both" primes on the multiple-choice task.
As an overview of the experiments, in Experiment 1, we examined the effect of prime information on lexical retrieval in healthy younger and older adults with a relatively brief (300 ms) presentation of the prime immediately after the definition was read. Participants were not told about the relevance of the prime information in the experiment. In Experiment 2, we explicitly informed younger and older adults that the 300-ms prime was not the answer to the definition, and investigated the participants' ability to respond to instructions and inhibit distracting prime information to retrieve the target. In Experiment 3, we tested healthy young adults under threshold priming conditions (48 ms) to investigate the influence of automatic lexical activation of competitors on lexical retrieval. Following Logan and Balota (2003) , we were interested in examining whether younger adults would be more influenced by the prime in the multiple-choice test, when there was no clear conscious availability of the prime information due to its short duration and masked presentation.
Experiment 1 Method
Participants. Thirty-six young adults (M age ϭ 20.3 years, SD ϭ 2.2) were recruited from undergraduate courses at Washington University and received course credit for participation. Thirty-six older adults (M age ϭ 69.8 years, SD ϭ 5.2) were recruited from the Washington University Aging and Development Subject Pool and received monetary compensation for participating. Mean score on the Shipley vocabulary test for younger adults was 33.92 (SD ϭ 3.20), and mean score for 12 older adults in the sample was 35.3 (SD ϭ 1.78). Vocabulary scores for 24 older adults were lost due to a system error, but based on the available data, older adults had marginally higher vocabulary scores than younger adults, t(34.9) ϭ 1.91, p ϭ .063. Younger adults had fewer years of education 13.83 (SD ϭ 2.8), compared with the older adults, 16.24 (SD ϭ 2.7), t(67.9) ϭ 3.62, p Ͻ .001. All participants were native English speakers. This and the following two experiments were approved by the Institutional Review Board at Washington University in St. Louis.
Materials. The stimuli consisted of 100 target words, and each target word was matched with four other words which served as "both", phonological, semantic, or unrelated primes. Each target word had a definition ranging from three to 22 words. Forty of the target words were proper nouns (names of people or places) and the remaining 60 were common nouns, adjectives, and verbs. Proper names were chosen from the following four categories: literature (22.5%), entertainment (20%), politics (15%), and geography (42.5%) and ranged from names of persons, countries, and movie titles. Thirty-eight target words and definitions were taken from previous studies, and an additional five were adapted (i.e., their related words became targets in the present study; Burke et al., 1991; James & Burke, 2000; Meyer & Bock, 1992) . The remaining target words, primes and definitions were specifically developed for this experiment. The Appendix lists the full set of stimuli.
As shown in the Appendix, there was considerable variability across items in the degree of semantic and phonological overlap across the prime conditions with the target. Most often, the "both" and phonological primes overlapped in the first letter, but sometimes also in the overall syllabic structure and the first onset cluster and vowel. Of course, it is particularly difficult to select a "both" prime that is equally semantically and phonologically related to the target, as the pure semantic and phonological primes, respectively. Hence, in order to quantify the degree of phonological and semantic relationship, which will be used as covariates in subsequent analyses, we took two approaches.
First, we conducted a pilot study on Amazon Mechanical Turk. Specifically, it is important to evaluate if the stimuli in the "both" condition are similar to the phonological condition in phonology, and similar to the semantic condition in semantics. On each trial, participants were presented the target word and one of the three related primes (i.e., "both", phonological, or semantic). Forty participants (M age ϭ 36.1 years, SD ϭ 8.9), rated the 300 targetprime word pairs on a 7-point Likert scale with ratings that ranged from 1 (not related at all) to 7 (highly related) for relatedness in sound or meaning. The type of rating task was manipulated between-subjects, with 19 participants randomly assigned to the phonology/sound condition, and 21 participants randomly assigned to the semantic/meaning condition. As shown in Figure 2 , the primes nicely achieved the goal. Specifically, the "both" primes were very similar to the phonological primes when rated on sound (mean rating for "both" primes ϭ 4.29, mean rating for phonological primes ϭ 4.62), whereas the "both" primes were very similar to the semantic primes when rated on meaning (mean rating for "both" primes ϭ 4.34, mean rating for semantic primes ϭ 4.69). Having said this, the relatively small differences in the "both" primes from the semantic and phonological conditions in the meaning-based rating and sound-based rating were both reliable (p Ͻ .05), and therefore we used these ratings as covariates in subsequent analyses reported in the article to account for these small differences between the primes. Overall, however, the ratings displayed in Figure 3 indicate that the stimuli conform to the constraint of having relatively similar ratings in the "both" condition to the pure phonological and semantic conditions. Second, we measured the orthographic distance between the primes and targets via the Levenshtein distance measure (Yarkoni, Balota, & Yap, 2008) , which calculates the number of insertions, deletions or substitutions required to transform one letter string to another and hence is a measure of orthographic similarity between prime and target. Figure 3 displays the mean Levenshtein distances between primes and targets across the four prime conditions. The "both" primes had similar Levenshtein distances (M ϭ 5.09) to phonological primes (M ϭ 4.40), although there was a reliable This document is copyrighted by the American Psychological Association or one of its allied publishers.
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difference between them (p ϭ .001). The distances for the semantic primes (M ϭ 7.08) did not differ from the unrelated primes (M ϭ 6.95), p ϭ .417. Given that there were reliable differences in phonological overlap between the "both" and phonological primes, we also used these Levenshtein distance estimates as covariates in subsequent analyses. Procedure. Each participant received all 100 target words, presented in a random order, in four blocks of 25 trials. For each participant, each prime type (both, phonological, semantic, and unrelated) occurred for 25 words, and primes for each target word were counterbalanced across participants, such that every participant received one of the four prime types for each target, and neither primes nor targets were repeated within a given participant.
Each experimental trial consisted of five components: definition, prime, state declaration, response, and multiple-choice (see Figure 1 ). Each definition was presented one word at a time, with This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
tapraid5/zfv-xlm/zfv-xlm/zfv99918/zfv3822d18z xppws Sϭ1 2/23/19 9:10 Art: 2018-0229 each word of the definition presented for 500 ms at the center of the screen. After the last word of the definition, a 750-ms delay was presented and then the prime was presented for 300 ms and was immediately followed by a query asking participants to indicate the retrieval state they were in. As shown in Figure 1 , participants were instructed to press "1" if they knew the answer, "2" if they did not know the answer, "3" if they had a word in mind which they did not think was correct, or "4" if they were in a tip-of-the-tongue state. Based on Brown and McNeill (1966) , in the instructions before the experimental trials, participants were told that a TOT state was a situation in which they know the answer but cannot come up with it right away, though they feel it is on the verge of coming to them. We also instructed participants to choose the "other word in mind" option in any situation where it applied, regardless of whether it was a TOT state or not. After they made their metacognitive decision (or 15 s had passed) participants were asked to type in any word they had in mind or press a "0" if no word came to mind. If participants did not type anything within 12 s, the next screen was presented which included the multiple-choice question. Here, participants were prompted to choose the correct answer for the definition and were provided with five options: the correct answer, and the four different prime types ("both", phonological, semantic, or unrelated), with one of the primes being the stimulus presented on that trial for that participant. The options were presented in a random order. After selecting an option, participants saw a blank screen for 750 ms before seeing the first word of the next definition. After every 25 trials, participants received a short break and continued with the experiment when they were ready.
Results
We conducted all analyses using repeated-measures analysis of variance (ANOVA) on participants (F 1 ) and items(F 2 ). In initial analyses, we also examined the effect of word type (proper names vs. non-names) on retrieval states, target retrieval accuracy and performance on the multiple-choice task. While proper names produced greater target retrieval accuracy than non-names overall, in Experiment 1, F 1 (1, 71) ϭ 107.97, p Ͻ .001, p 2 ϭ .60; Experiment 2, F 1 (1, 63) ϭ 65.79, p Ͻ .001, p 2 ϭ .48; and Experiment 3, F 1 (1, 35) ϭ 35.28, p Ͻ .001, p 2 ϭ .50, word type did not interact with any higher-order terms in any other analyses, across the three experiments. Hence, all reported analyses have been collapsed across word type.
Retrieval state declaration. There were four retrieval states that participants could respond with on a given trial: (1) they know the correct answer to the definition; (2) they do not know the correct answer to the definition; (3) they have another incorrect word in mind; (4) they are in a TOT state.
1 Figure 4 (Panel 1) displays the mean percentage of retrieval states within each prime type, as a function of age. In order to analyze these results, we conducted a 4 (Prime-Type) ϫ 2 (Age Group) ANOVA on each of the four declared states by the participants.
First, consider the "know the correct answer" response. The ANOVAs revealed a main effect of prime condition, F 1 (3, 210) ϭ 13.36, p Ͻ .001, p 2 ϭ .16; F 2 (3, 297) ϭ 24.06, p Ͻ .001, p 2 ϭ .19, no effect of age group by-participants (F 1 ϭ 1.64), which was reliable by items, F 2 (1, 99) ϭ 10.96, p ϭ .001, p 2 ϭ .10, and no interaction (F 1 Ͻ 1; F 2 Ͻ 1). These results indicated that there was a greater percentage of "know" responses in the "both" (p Ͻ .001), phonological (p Ͻ .001), and semantic (p Ͻ .001) conditions, compared with the unrelated condition, indicating that participants were sensitive to any relation with the prime in making their "know" responses. Item analyses also revealed that older adults reported a greater percentage of "know" responses than younger adults (p ϭ .001).
Turning to "don't know" responses, the ANOVAs yielded a main effect of prime condition, F 1 (3, 210) ϭ 9.28, p Ͻ .001, p 2 ϭ .18; F 2 (3, 297) ϭ 11.22, p Ͻ .001, p 2 ϭ .10, a main effect of age group, F 1 (1, 70) ϭ 9.42, p ϭ .003, p 2 ϭ .12; F 2 (1, 99) ϭ 48.26, p Ͻ .001, p 2 ϭ .33, and no interaction (F 1 Ͻ 1; F 2 Ͻ 1). This pattern indicated a higher percentage of "don't know" responses in the unrelated condition, compared with the "both" (p ϭ .005), phonological (p Ͻ .001), and semantic (p Ͻ .001) conditions, and also a greater percentage of "don't know" responses reported by older adults compared to younger adults (p Ͻ .001). Hence, these results mirrored the "know" responses.
Next consider the "other word in mind" responses. The ANOVAs revealed a main effect of age group, Finally, for TOT responses, the ANOVAs yielded no effect of age group by participants, (F 1 ϭ 1.09), which was reliable by items, F 2 (1, 99) ϭ 6.07, p ϭ .015, p 2 ϭ .06, a main effect of prime condition, F 1 (3, 210) ϭ 3.61, p ϭ .014, p 2 ϭ .05; F 2 (3, 297) ϭ 3.91, p ϭ .009, p 2 ϭ .04, and no interaction between age group and prime type (F 1 ϭ 2.04, F 2 ϭ 2.53). This pattern indicated that there was a greater percentage of TOT responses following unrelated primes, compared with "both" (p ϭ .023) and phonological primes (p Ͻ .001). It is also noteworthy that younger adults produced more TOT states compared with older adults, at least in 1 It is possible that separating being in a TOT state from having another alternate word in mind may influence our results, given that there are age-related differences in how often TOTs occur with alternate words. To address this issue, we collapsed the TOT and "other" responses into one measure, TOT/Alternate, and calculated the percentage occurrence of TOT/Alternate states for each prime type. In Experiment 1, a 4 (PrimeType) ϫ 2 (Age Group) ANOVA revealed a main effect of age group, tapraid5/zfv-xlm/zfv-xlm/zfv99918/zfv3822d18z xppws Sϭ1 2/23/19 9:10 Art: 2018-0229 APA NLM the item analyses. To adjust for any differences in the opportunity for TOTs, we also calculated TOTs as a proportion of unsuccessful retrievals (e.g., incorrect "know," incorrect TOT, correct TOT, incorrect "other," and "don't know" responses). As described in James and Burke (2000) , correct TOTs were defined as trials on which a participant responded TOT and selected the correct target word on the multiple-choice test. Incorrect TOTs were defined as trials on which a participant responded TOT but did not select the target word on the multiple-choice test. Incorrect "know" responses were trials on which a participant responded "know" and typed an incorrect answer. Finally, we also included an incorrect "other" option, for trials on which a participant responded "other incorrect word in mind" and typed in an incorrect answer. These analyses revealed no effect of age group (F 1 Ͻ 1; F 2 Ͻ 1), or prime condition (F 1 Ͻ 1; F 2 Ͻ 1), and no reliable interaction (F 1 ϭ 1.72; F 2 Ͻ 1). Target retrieval accuracy. Figure 5 (Panel 1) displays the mean accuracy for target retrieval for each prime condition, for younger and older adults. A 2 (Age Group: Young, Old) ϫ 4 (Prime Condition: "Both", Phonological, Semantic, Unrelated) ANOVA yielded a main effect of prime condition, F 1 (3, 210) ϭ 21.76, p Ͻ .001, p 2 ϭ .23; F 2 (3, 297) ϭ 44.66, p Ͻ .001, p 2 ϭ .31, no main effect of age (F 1 Ͻ 1; F 2 Ͻ 1), and no evidence of a reliable interaction (F 1 Ͻ 1; F 2 Ͻ 1). Overall, planned comparisons revealed that phonological primes produced higher target accuracy than semantic primes, t(71) ϭ 7.05, p Ͻ .001, "both" primes, t(71) ϭ 4.06, p Ͻ .001, and unrelated primes, t(71) ϭ 7.34, p Ͻ .001. Interestingly, "both" primes produced higher target accuracy than semantic primes, t(71) ϭ 2.88, p ϭ .005, and unrelated primes, t(71) ϭ 2.23, p ϭ .029, suggesting some phonological facilitation even from the "both" primes. Target accuracy for semantic primes did not differ from unrelated primes, t(71) ϭ 0.43, p ϭ .67 (see Sections 1, 2, and 3.1 in the online supplementary materials for analyses controlling for syntactic class, number of syllables and age-related differences in retrieval of proper names vs. non-names for this experiment and the subsequent experiments).
To account for any differences in the strength of the phonological/orthographic relations between phonological and "both" primes (see Materials section), we examined the effect of the two prime conditions on target retrieval accuracy at the item level, after accounting for the phonological rating for the prime-target pair as well as the Levenshtein distances between the prime-target pairs. After standardizing the phonological ratings and Levenshtein distance measures (to account for item-level variability), we computed a mean composite score for each prime-target pair, such that higher composite scores reflected greater phonological ratings and higher orthographic overlap with the target. Then, we included this mean composite score as a covariate in our analyses for each experiment. A one-way analysis of covariance (ANCOVA) revealed a main effect of prime condition, after controlling for the composite in Experiment 1, F 2 (1, 97) ϭ 23.96, p Ͻ .001, and also a main effect of the composite, F 2 (1, 97) ϭ 14.89, p Ͻ .001. These results suggest that although higher composite scores do predict retrieval accuracy, the difference in facilitation between the phonological and "both" primes persists, even after controlling for differences in ratings and orthographic overlap. Thus, it appears This document is copyrighted by the American Psychological Association or one of its allied publishers.
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tapraid5/zfv-xlm/zfv-xlm/zfv99918/zfv3822d18z xppws Sϭ1 2/23/19 9:10 Art: 2018-0229 that the presence of the additional semantic relationship in the both primes reduces the influence of phonological facilitation. Multiple-choice. Table 1 displays the mean accuracy in multiple-choice questions, as well as the proportion of incorrect selections chosen for each prime condition. First, consider overall accuracy in the left most column. A 2 (Age Group: Young, Old) ϫ 4 (Prime Condition: "Both", Phonological, Semantic, Unrelated) ANOVA revealed no main effect of age (F 1 Ͻ 1; F 2 ϭ 2.41), no evidence of an interaction (F 1 Ͻ 1; F 2 Ͻ 1), and a main effect of prime condition, F 1 (3, 210) ϭ 16.9, p Ͻ .001, p 2 ϭ .19; F 2 (3, 297) ϭ 18.55, p Ͻ .001, p 2 ϭ .16. Follow-up comparisons revealed that phonological primes yielded higher accuracy in the multiple-choice than semantic, t(71) ϭ 5.84, p Ͻ .001, and "both" primes, t(71) ϭ 4.16, p Ͻ .001. Multiple-choice accuracy in the semantic prime condition was reliably lower than the unrelated prime condition, t(71) ϭ 4.85, p Ͻ .001. There were no differences in multiple-choice accuracy among the other prime conditions. A potential concern with these results may be that since some of the primes for the proper-name targets were non-names, it may inflate accuracy in the task specifically for proper name targets, because participants can easily rule out the non-name alternatives. We addressed this concern by excluding proper-name targets for all three experiments in Section 3.2 in the online supplementary materials, and the overall pattern of results remains unchanged.
We also analyzed the errors participants made in the multiplechoice task, as shown in Columns 2 to 5 in Table 1 . A 2 (Age Group: Young, Old) ϫ 4 (Prime Given: "Both", Phonological, Semantic, Unrelated) ϫ 4 (Prime Chosen: "Both", Phonological, Semantic, Unrelated) ANOVA yielded a main effect of the prime chosen, F 1 (3, 210) ϭ 543.31, p Ͻ .001, p 2 ϭ .88; F 2 (3, 297) ϭ 117.6, p Ͻ .001, p 2 ϭ .54, no main effect of age group by participants, (F 1 Ͻ 1) but a main effect of age group by items, F 2 (1, 99) ϭ 7.38, p ϭ .008, p 2 ϭ .07. We also observed no effect of prime given by participants (F 1 Ͻ 1), but a main effect by items, F 2 (3, 297) ϭ 4.15, p ϭ .007, p 2 ϭ .04. The main effect of the chosen prime was qualified by a reliable interaction between the chosen prime and the prime given, F 1 (9, 630) ϭ 8.7, p Ͻ .001, p 2 ϭ .11; F 2 (9, 891) ϭ 20.24, p Ͻ .001, p 2 ϭ .17. As shown in Table 1 (by looking at the diagonals), this interaction primarily reflects the fact that when participants did not choose the correct This document is copyrighted by the American Psychological Association or one of its allied publishers.
tapraid5/zfv-xlm/zfv-xlm/zfv99918/zfv3822d18z xppws Sϭ1 2/23/19 9:10 Art: 2018-0229 answer, they were more likely to choose the prime given than the other primes, which was greatest in the semantic and "both" conditions. The overall three-way interaction among age group, prime given and prime chosen was not significant by participants, F 1 (9, 630) ϭ 1.27, p ϭ .248, but was significant by items, F 2 (9,891) ϭ 2.65, p ϭ .005, p 2 ϭ .03. This latter pattern primarily reflects older adults choosing the semantic alternative on the multiple-choices test more often when presented with the semantic prime than younger adults (10%), whereas, the younger adults choosing the "both" alternative more often when presented with the "both" prime than the older adults (6%). Analyses excluding proper-name targets to address potential inflation of errors were overall consistent with the results reported here, and are reported in Section 3.2 in the online supplementary materials.
Discussion
Results from Experiment 1 support the hypothesis that lexical retrieval is facilitated when younger and older adults are presented with phonological primes. Phonological primes produced the highest accuracy in target retrieval for both younger and older adults, compared with "both", semantic, and unrelated primes. Further, "both" primes also showed some reduced, but reliable facilitation compared with semantic and unrelated primes. Importantly, this pattern persisted after accounting for differences in the phonological ratings and orthographic overlap between the phonological and "both" primes, suggesting that the reduced facilitation from "both" primes is likely a result of semantic overlap with the target. We return to this issue again in the General Discussion.
Overall, these findings are consistent with the transmissiondeficit hypothesis, according to which lexical retrieval failure is a result of weaker connections between concepts and their phonology, and factors that strengthen these connections (i.e., phonological primes) are age-invariant, implying that both younger and older adults benefit similarly from them (MacKay & Burke, 1990) . Previous studies on tip-of-the-tongue states have also shown that phonological priming benefits lexical retrieval in both younger and older adults (James & Burke, 2000; Rastle & Burke, 1996) . Interestingly, we did not observe a reduction in TOT states with phonological primes, which we will also address in the next experiment.
The state declaration data led to two patterns of results that are particularly intriguing. Specifically, we found that participants were more likely to report that they "know the answer" following "both", phonological, and semantic primes, compared with an unrelated condition. The higher percentage of "know" responses in the semantic condition, compared with the unrelated condition, is particularly intriguing because there was no difference between the semantic and unrelated conditions in correct retrievals. The increase in the "know" responses in the phonological and "both" conditions could have been phonologically mediated, and indeed these conditions did yield higher retrieval accuracy. Hence, it appears the presence of any related prime led to a false feeling of knowing, which was age-invariant. The second intriguing aspect of the state declaration results was that older adults overall produced fewer "other" responses compared with younger adults. This is opposite to what one might expect from an age-related inhibitory deficit. Moreover, there was some evidence that older adults produced fewer TOTs in Experiment 1, compared with younger adults. We discuss this pattern further in the General Discussion section, after an attempted replication in Experiment 2.
Both younger and older adults performed similarly in the multiple-choice task, and semantic primes produced the lowest accuracy, indicating some potential interference from related information in the multiple-choice task. This effect was also reflected in the errors participants made in the multiple-choice task, in that both younger and older adults were more likely to choose semantically related and "both" primes as potential correct answers, compared with phonological and unrelated primes. Surprisingly, we did not observe a disproportionate age-related difference in multiple-choice errors in the participant analyses, in that older adults were not any more likely to choose the given prime than younger adults, even though there was a marginal trend in the expected direction in the semantic prime condition, such that older adults incorrectly chose semantic primes in the multiple-choice test more often than younger adults, t(68.1) ϭ 1.68, p ϭ .096, and the three-way interaction was significant in the item analyses. It is important to note that these results are inconsistent with the findings of Logan and Balota (2003) , where older adults showed a reliable, disproportionate increase in intrusion rates when they were presented with a blocking prime.
One possible explanation for the results from the multiplechoice task is that some participants may have assumed that the prime that they saw was in fact the correct answer to the definition, because participants were not instructed about the relevance of the prime to the target retrieval task. In Experiment 2, we explicitly informed participants that the prime was never the answer to the definition and investigated whether younger and older adults are able to control the activation of the prime word and correctly retrieve the target word. Based on the results from Logan and Balota (2003) , we predicted that younger adults would respond to the instructions and would be less likely to choose the prime they saw as the answer in the multiple-choice test, whereas older adults would be specifically impaired at controlling the prime activation and continue to choose it as the answer in the multiple-choice probe. Regarding correct target retrieval, we would continue to expect phonological facilitation in this study if the influence of the Note. Mean multiple-choice accuracy scores were computed on the total number of trials, whereas scores for prime chosen reflect proportions computed on error-trials only. Bold values represent the proportion of error responses where the prime given was in fact chosen by the participant.
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primes is indeed automatic, and hence not under control of the participants.
Experiment 2 Method
Participants. Thirty-two younger adults (M age ϭ 19.7 years, SD ϭ 1.6) were recruited from undergraduate courses at Washington University and received course credit for participation. Thirty-three older adults (M age ϭ 71.6 years, SD ϭ 8.7) were recruited from the Washington University Aging and Development Subject Pool and received monetary compensation for participating. Mean score on the Shipley vocabulary test for younger adults was 33.96 (SD ϭ 3.03), and mean score for older adults was 34.27 (SD ϭ 3.66). Vocabulary scores for younger and older adults did not differ, t(61.5) ϭ 0.36, p ϭ .71. Mean years of education for younger adults was 13.34 (SD ϭ 3.92); mean years of education for older adults was 15.31 (SD ϭ 2.71), which produced a reliable difference, t(54.9) ϭ 2.354, p ϭ .022. All participants were native English speakers. Data from one older adult was lost due to a system error, so the final sample consisted of 32 older adults.
Materials and procedure. Materials and procedure were identical to those in Experiment 1, with one exception. Before participants began the experiment, they were specifically instructed that the prime that they see (referred to as the "flashed word") is not the answer to the definition. Therefore, the instructions specifically warned participants against using the prime word as the correct answer to the definition and the multiple-choice task.
Results
Retrieval state declaration. The mean percentages of retrieval states are displayed in the second panel in Figure 4 . As shown here, the results from the state declaration nicely replicate those from Experiment 1.
First, consider the "know" responses. The ANOVA again revealed a main effect of prime condition, F 1 (3, 186) ϭ 11.45, p Ͻ .001, p 2 ϭ .16; F 2 (3, 297) ϭ 14.37, p Ͻ .001, p 2 ϭ .13, no effect of age group by participants (F 1 ϭ 1.43), but a main effect by items, F 2 (1,99) ϭ 9.39, p ϭ .003, p 2 ϭ .09, and no interaction (F 1 ϭ 1.94; F 2 ϭ 2.13). As in Experiment 1, the main effect of prime reflected a higher percentage of "know" responses in the "both" (p Ͻ .001), phonological (p Ͻ .001), and semantic (p Ͻ .001) conditions, compared with the unrelated condition. Item analyses also revealed that older adults reported a greater percentage of "know" responses, compared with younger adults (p ϭ .003).
The ANOVAs on the "don't know" responses yielded a main effect of prime condition, F 1 (3, 186) ϭ 8.54, p Ͻ .001, p 2 ϭ .12; F 2 (3, 297) ϭ 9.76, p Ͻ .001, p 2 ϭ .09, a main effect of age group, F 1 (1, 62) ϭ 16.55, p Ͻ .001, p 2 ϭ .21; F 2 (1,99) ϭ 110.6, p Ͻ .001, p 2 ϭ .53, and no interaction (F 1 ϭ 1.72; F 2 ϭ 1.49). This result mainly indicated a greater percentage of "don't know" responses in the unrelated condition, compared with the "both" (p Ͻ .001), phonological (p Ͻ .001), and semantic (p Ͻ .001) conditions, and also a greater percentage of "don't know" responses in older adults compared with younger adults (p Ͻ .001), again mirroring the "know" responses and mimicking the results from Experiment 1.
Turning to the "other" responses, the ANOVA revealed a main effect of age group, F 1 (1, 62) ϭ 60.39, p Ͻ .001, p 2 ϭ .49; F 2 (1, 99) ϭ 201.2, p Ͻ .001, p 2 ϭ .67, no effect of prime condition (F 1 ϭ 1.45; F 2 ϭ 1.45) and no interaction (F 1 Ͻ 1; F 2 Ͻ 1). The main effect of age indicated that younger adults reported more "other" responses than older adults (p Ͻ .001).
For the TOT responses there was a main effect of age group, F 1 (1, 62) ϭ 20.1, p Ͻ .001, p 2 ϭ .24; F 2 (1, 99) ϭ 103.5, p Ͻ .001, p 2 ϭ .51, no effect of prime condition (F 1 ϭ 1.28; F 2 ϭ 1.56), and no interaction (F 1 Ͻ 1; F 2 Ͻ 1). This result mainly indicated a greater percentage of "TOT" responses reported by younger adults, compared with older adults (p Ͻ .001). The analysis of TOTs as a proportion of unsuccessful retrievals (as described in Experiment 1) also revealed a main effect of age group, F 1 (1, 62) ϭ 12.7, p ϭ .001, p 2 ϭ .17; F 2 (1, 99) ϭ 63.9, p Ͻ .001, p 2 ϭ .39, no effect of prime condition (F 1 Ͻ 1; F 2 Ͻ 1), and no interaction (F 1 Ͻ 1; F 2 Ͻ 1)
1 . Target retrieval accuracy. Figure 5 (Panel 2) displays the mean accuracy for each prime condition, for younger and older adults. A 2 (Age Group: Young, Old) ϫ 4 (Prime Condition: "Both", Phonological, Semantic, Unrelated) ANOVA yielded a main effect of prime condition, F 1 (3, 186) ϭ 8.84, p Ͻ .001, p 2 ϭ .12; F 2 (3, 297) ϭ 18.75, p Ͻ .001, p 2 ϭ .16, no main effect of age by participants (F 1 Ͻ 1), but a significant effect of age group by items, F 2 (1, 99) ϭ 9.91, p ϭ .002, p 2 ϭ .09. Overall, phonological primes again produced higher target retrieval accuracy than semantic primes, t(63) ϭ 3.81, p Ͻ .001, "both" primes, t(63) ϭ 2.69, p ϭ .009, and unrelated primes, t(63) ϭ 4.64, p Ͻ .001. Further, "both" primes produced higher retrieval accuracy than unrelated primes, t(63) ϭ 2.21, p ϭ .030, and there were no differences between the other prime conditions.
In order to again account for differences in the strength of the phonological relations between the phonological and "both" primes, we again examined the effect of prime condition on target retrieval accuracy, after accounting for the composite, as described in Experiment 1. A one-way analysis of covariance (ANCOVA) revealed a main effect of prime condition, after controlling for the composite, F 2 (1, 97) ϭ 13.76, p Ͻ .001, and a main effect of the composite, F 2 (1, 97) ϭ 5.69, p ϭ .019. These results replicate the findings from Experiment 1 and indicate that the differences in target accuracy between the phonological and "both" primes persist even after accounting for phonological/orthographic overlap with the target word. Hence, the presence of semantic information in the "both" condition appears to reduce the benefits of phonological priming.
Multiple-choice. Next, we analyzed the proportion of errors participants made in the multiple-choice task as a function of the prime that they received. A 2 (Age Group: Young, Old) ϫ 4 (Prime Given: "Both", Phonological, Semantic, Unrelated) ϫ 4 (Prime Chosen: "Both", Phonological, Semantic, Unrelated) ANOVA for the proportion of errors as a function of the prime received, yielded a main effect of the prime chosen, F 1 (3, 186) ϭ 549.81, p Ͻ .001, p 2 ϭ .89; F 2 (3, 297) ϭ 117.1, p Ͻ .001, p 2 ϭ .54, a main effect of age group by participants, F 1 (1, 62) ϭ 27.79, p Ͻ .001, p 2 ϭ .30, but no main effect of age group by items (F 2 Ͻ 1). We also observed no main effect of prime type. Importantly, the main effects were qualified by a highly significant three-way interaction among age group, the prime chosen, and the prime given, F 1 (9, 558) ϭ 5.96, p Ͻ .001, p 2 ϭ .08; F 2 (9, 891) ϭ 4.64, p Ͻ .001, p 2 ϭ .04. Follow-up comparisons revealed that when presented with a related prime and explicit instructions that the prime was not the answer to the definition, older adults still chose the semantic, t(51.6) ϭ 2.7, p ϭ .009, and "both" primes, t(61.9) ϭ 2.31, p ϭ .024, consistently more often than younger adults. As predicted, it appears that older adults are relatively less able to control the primes, compared with younger adults, when explicitly warned.
To further examine the age-related differences in performance on the multiple-choice task across Experiments 1 and 2, we conducted a four-way, between-experiment ANOVA with experiment, age group, prime given, and prime chosen, for the proportion of errors made in the multiple-choice, as a function of the prime received. This analysis yielded a reliable four-way interaction, F 1 (9, 1188) ϭ 1.91, p ϭ .046, p 2 ϭ .01; F 2 (9, 3168) ϭ 2.38, p ϭ .011, p 2 ϭ .007. Planned comparisons revealed that instructions had a significant effect on the performance of younger adults. When presented with a semantic prime, younger adults were less likely to choose it, when given explicit instructions that it was not the answer (Experiment 2) than when they were given no instructions (Experiment 1), t(59.1) ϭ 2.19, p ϭ .032. Similarly, younger adults chose the "both" prime less frequently when given explicit instructions in Experiment 2, compared with Experiment 1, t(63.7) ϭ 3.8, p Ͻ .001. On the other hand, there was no effect of instruction on the performance of older adults when given semantic or "both" primes, p Ͼ .05. These findings suggest an agerelated difference in controlling prime information in response to explicit instructions.
Discussion
Results from Experiment 2 indicate that there is still reliable facilitation in the phonological and "both" conditions in word retrieval even when participants are explicitly warned that the prime is not the correct answer, and age does not modulate this pattern. This suggests that the influence of the primes may indeed reflect a more automatic activation of phonological information, consistent with the transmission-deficit hypothesis. In addition, these results indicated that there is more facilitation in the phonological condition, compared with the "both" condition. This pattern of phonological facilitation persisted after controlling for ratings on the phonological dimension and orthographic overlap (via the composite), replicating our results from Experiment 1, and further confirming that this latter effect is not attributable to differences in phonological/orthographic overlap between primes and targets.
Turning to the retrieval state declaration data, there is again a clear replication of the results from Experiment 1. Specifically, we again found that any relation between the prime and answer to the definition ("both", semantic, or phonological) yielded an increase in reported "knowing" the answer, compared with the unrelated condition. Again, we found false feeling of knowing the answer in the semantic condition, because retrieval accuracy did not differ between the semantic and unrelated conditions. Second, we again found that older adults reported fewer "other responses" compared with younger adults. Clearly, this is inconsistent with an agerelated increase in blocking or persistent alternates, as suggested by the inhibition deficit hypothesis.
Interestingly, administering instructions about the prime word not being the correct answer differentially influenced younger and older adults in the multiple-choice task. Specifically, while younger adults were able to respond to instructions and avoid the prime word as the answer on incorrect trials, older adults did not control the prime information under explicit instructions to do so, and continued to choose the given prime (in the "both" and semantically related conditions) as the answer to the immediate multiple-choice test. Thus, although age did not modulate explicit target retrieval in this study, the results from the multiple-choice test indicate that older adults are less able to discriminate the source of a recently activated representation, when presented with the target and the prime alternatives in a multiple-choice test, consistent with the findings in Logan and Balota (2003) .
Experiment 3
An important question that arises from Experiments 1 and 2 involves the underlying mechanism that produces the relatively larger interference effect from the primes on the multiple-choice test in older adults when they were explicitly instructed that the prime is not the correct answer. It is possible that under these Note. Mean multiple-choice accuracy scores were computed on the total number of trials, whereas scores for prime chosen reflect proportions computed on error-trials only. Bold values represent the proportion of error responses where the prime given was in fact chosen by the participant.
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conditions, older adults have persistent activation from the prime, but cannot attribute the source of that activation to the prime, that is, a type of source-discrimination problem. In order to address this possibility, following Logan and Balota (2003) , we conducted an experiment with younger adults with primes that were briefly presented (48 ms) near awareness threshold. If the prime is presented at threshold, then even younger adults should not be able to attribute any persistent activation to the prime, hence, they should increase their false alarm rate to the presented prime. In this way, we are testing the possibility that younger adults with threshold prime presentation will look more like older adults with suprathreshold prime presentation, and hence increase their false alarm rate to similar levels for the presented primes, as the older adults in Experiment 2. Experiment 3 had three goals. First, if the phonological facilitation effect observed in the previous two experiments is indeed automatic, then we should find phonological facilitation under conditions in which the primes are briefly presented at a threshold level. While picture-word interference paradigms have used masked primes to demonstrate the influence of semantic competition on naming (Finkbeiner & Caramazza, 2006; Piai, Roelofs, & Schriefers, 2011) , we are unaware of any studies that have used such briefly presented primes in explicit lexical retrieval from low-frequency word definitions. Second, if the prime influence is automatic, then one would also expect to replicate the effect of briefly presented primes on the metacognitive retrieval judgments, that is, reporting more "know" responses after related primes, compared with unrelated primes. Third, as noted above, if the reduction in younger adults' false alarm rates to the presented primes in Experiment 2, compared with Experiment 1, is due to younger adults being able to consciously avoid the prime on the multiple-choice test, because they were explicitly told it could not be the target, then we should actually find an increase in the false alarm rates to the briefly presented primes, compared with the suprathreshold primes in Experiment 2. Specifically, the younger adults under masked conditions should look similar to the older adults in the unmasked conditions of Experiment 2 in their multiple-choice errors.
Method
Participants. Participants were 36 young adults (M age ϭ 20 years, SD ϭ 3.5), undergraduates at Washington University in St. Louis, who were either paid or given course credit for their participation. Mean score on the Shipley vocabulary test was 33.14 (SD ϭ 3.00) and mean years of education was 13.89 (SD ϭ 1.5). All participants except two were native English speakers, and the two non-native speakers were at or above the mean on the Shipley and performed well within normal performance on the experimental tasks.
Materials and procedure. Materials and procedures were identical to those used in Experiment 1 with one exception. Primes following the definitions were presented for 48 ms instead of 300 ms, and were immediately followed by the definition for the target word.
2 As described in Footnote 2, the 48 ms prime duration was highly effective in minimizing prime identification even under conditions in which participants directly attended to the prime information. Participants were given no instructions about the prime.
Results
Retrieval state declaration. Figure 4 (bottom panel) displays the percentage of trials for each retrieval state. As shown here, the results from the younger adults with very short duration primes is very similar to the younger adult data in Experiments 1 and 2. Specifically, for "know" responses, there was again a main effect of prime condition, F 1 (3, 105) ϭ 4.67, p ϭ .004, p 2 ϭ .12; F 2 (3, 297) ϭ 9.82, p Ͻ .001, p 2 ϭ .09. This result indicates a higher percentage of "know" responses in the "both" (p ϭ .002), phonological (p ϭ .013), and semantic (p Ͻ .001) conditions, compared with the unrelated condition, replicating the false knowing response observed in the earlier experiments.
As expected, the "don't know" response mirror the "know" responses. The ANOVA produced a main effect of prime condition, which reflected a higher percentage "don't know" responses in the unrelated condition, compared with the "both" (p ϭ .007), phonological (p ϭ .059), and semantic (p ϭ .003) conditions. Hence, as in the previous experiments, there is a clear influence of prime relatedness on metacognitive judgments of "know" and "don't know" retrieval states.
Consistent with Experiment 2, the effect of prime condition did not approach significance for the "other" responses (F 1 Ͻ 1; F 2 Ͻ 1; see Footnote 1). For TOT responses, there was a main effect of prime condition by participants, F 1 (3, 105) ϭ 2.71, p ϭ .049, which approached significance by items, F 2 (3, 297) ϭ 2.47, p ϭ .062. This result indicated slightly higher percentage of TOT responses following unrelated primes, compared with semantic (p ϭ .004) and "both" (p ϭ .045) primes. The analysis of TOTs as a proportion of unsuccessful retrievals (as in Experiments 1 and 2) revealed no effect of prime condition by participants (F 1 ϭ 1.94), and a marginal effect by-items, F 2 (3, 297) ϭ 2.25, p ϭ .083. This effect mainly indicated marginally lower proportion of TOTs in the semantic condition, compared with the phonological (p ϭ .036), and unrelated conditions (p ϭ .027).
Target retrieval accuracy. Figure 5 (Panel 3) displays the mean accuracy for each prime condition. A one-way ANOVA revealed a significant effect of prime type on target retrieval accuracy, F 1 (3, 105) ϭ 2.93, p ϭ .037, p 2 ϭ .07; F 2 (3, 297) ϭ 5.56, p Ͻ .001, p 2 ϭ .05. Follow-up comparisons revealed that 2 In order to address the degree to which participants could read the primes in this context, we replicated the experiment and asked 12 young adults from the same participant pool to type in the prime word, instead of the correct answer to the definition. The experiment was identical to Experiment 3, but participants were asked to report the prime item. Importantly, participants could report the prime only on 24% of the total trials. As expected, there was also an influence of prime type on prime reporting across the semantic (mean ϭ 0.36), "both" (mean ϭ 0.27), phonological (mean ϭ 0.16), and unrelated (mean ϭ 0.18) conditions, F(3, 105) ϭ 9.02, p Ͻ .001. The relatively high levels of accuracy in the semantic and "both" conditions are likely due to participants being able to use the definitions and partial information from the degraded prime to guess the identity of the prime. The important point here is that even under ideal conditions in which participants were directly attending to the identity of the prime, instead of trying to come up with the answer to the definition, there was relatively low perceptibility. Of course, because attention is directed towards retrieving the correct answer to the definition in Experiments 3, prime perceptibility is likely overestimated in this control experiment. It is particularly noteworthy that the phonological prime produced the lowest accuracy and yet this is the condition that produced the largest priming effect in Experiment 3. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Fn2 tapraid5/zfv-xlm/zfv-xlm/zfv99918/zfv3822d18z xppws Sϭ1 2/23/19 9:10 Art: 2018-0229 retrieval accuracy in the phonological prime condition was significantly higher than the semantic prime condition, t(35) ϭ 2.21, p ϭ .033, and the unrelated prime condition, t(35) ϭ 3.05, p ϭ .004. As shown in Figure 5 , as in the previous experiments, the "both" prime fell in between the phonological condition (p ϭ .19), and the semantic (p ϭ .32) and unrelated conditions (p ϭ .18), although these differences were not reliable. Additional analyses are reported in Sections 1, 2, and 3.1 in the online supplementary materials.
To account for differences in the strength of the phonological relations between the phonological and "both" primes, we again examined the effect of prime condition on target retrieval accuracy, after accounting for the composite, as described in Experiment 1. A one-way analysis of covariance (ANCOVA) revealed a marginal effect of prime condition, after controlling for the composite, F 2 (1,97) ϭ 3.39, p ϭ .068, and no main effect of the composite, F 2 (1, 97) ϭ .358, p ϭ .551. These results indicate that the difference between the phonological and "both" primes is not reliable when primes are presented for very brief durations.
Multiple-choice. Table 3 displays the mean accuracy in multiple-choice questions, as well as the proportion of incorrect options chosen for each prime condition. A one-way ANOVA revealed a significant main effect of prime type on multiple-choice accuracy, F 1 (3, 105) ϭ 3.29, p ϭ .024, p 2 ϭ .08; F 2 (3, 297) ϭ 3.23, p ϭ .022, p 2 ϭ .03. Accuracy in the semantic prime condition was significantly lower than accuracy in the unrelated prime condition, t(35) ϭ 2.80, p ϭ .007, and in the phonological prime condition, t(35) ϭ 2.31, p ϭ .027.
Next, we analyzed the proportion of errors participants made in the multiple-choice task as a function of prime type. A 4 (Prime Given: "Both", Phonological, Semantic, Unrelated) ϫ 4 (Prime Chosen: "Both", Phonological, Semantic, Unrelated) ANOVA revealed a main effect of prime chosen, F 1 (3, 105) ϭ 448, p Ͻ .001, p 2 ϭ .92; F 2 (3, 297) ϭ 99.94, p Ͻ .001, p 2 ϭ .50, qualified by a significant interaction between prime given and prime chosen, F 1 (9, 315) ϭ 6.86, p Ͻ .001, p 2 ϭ .16; F 2 (9,89) ϭ 7.141, p Ͻ .001, p 2 ϭ .07. Planned comparisons revealed that "both" and semantic primes were chosen more often than phonological and unrelated primes in all prime conditions. Importantly, when given a semantic prime, participants chose the semantic prime significantly more often than the "both" prime, t(35) ϭ 6.33, p Ͻ .001, and when given a "both" prime, they chose the "both" prime more often than the semantic prime, although this trend was not significant, p ϭ .35.
Finally, we compared the performance of younger adults in Experiment 3 on the multiple-choice task with the performance of older adults in Experiment 2. A 2 (Experiment: 2, 3) ϫ 4 (Prime Given: "Both", Phonological, Semantic, Unrelated) ϫ 4 (Prime Chosen: "Both", Phonological, Semantic, Unrelated) ANOVA revealed no hint of a three-way interaction between experiment, prime given and chosen prime (F 1 Ͻ 1; F 2 Ͻ 1), which suggests that the performance of younger adults under threshold priming conditions was similar to older adults in Experiment 2 in the multiple-choice task. We also compared the performance of younger adults in Experiment 2 with younger adults in Experiment 3, and observed a highly significant interaction among experiment, prime given and chosen prime, F 1 (9, 594) ϭ 9.54, p Ͻ .001, p 2 ϭ .12; F 2 (9, 891) ϭ 8.44, p Ͻ .001, p 2 ϭ .08. Figure 6 displays the proportion of error trials in which the "both" and semantic primes were chosen, when participants saw semantic and "both" primes, across Experiments 2 and 3. This overall pattern indicates that younger adults with explicit instructions (Experiment 2) are able to modulate their performance and not choose the prime that they saw, whereas older adults with instructions (Experiment 2) and younger adults under threshold priming conditions (Experiment 3) are unable to do so. Indeed, as shown in the two leftmost panels of Figure 6 , older adults with instructions to ignore the prime look remarkably similar to younger adults given threshold primes, replicating the pattern observed by Logan and Balota (2003) in a primed fragment completion paradigm.
Discussion
Results from Experiment 3 suggest that lexical retrieval is reliably facilitated by a brief 48-ms presentation of a phonological prime. In addition, the activation produced by this brief presentation of related information influences the likelihood of reported "knowing" the correct response (false "knowing" in the related condition), and even has lingering, and relatively, large effects on the immediate multiple-choice test. Importantly, the multiplechoice results indicate that younger adults are even more influenced by the prime information under the threshold conditions of Experiment 3, compared with the clearly suprathreshold conditions of Experiment 2, and now look very much like the older adults in Experiment 2. We believe that this is most likely due to failure during the multiple-choice test of attributing the source of the familiarity to the prime, as opposed to the retrieval processes engaged by the low-frequency word definition.
General Discussion
The present study explored the influence of briefly presented primes after a low-frequency word definition on metacognitive declarations of retrieval state, retrieval accuracy, and immediate multiple-choice accuracy in young and older adults. We discuss the implications of each of these three issues below.
Retrieval Accuracy
The present results indicate that the brief presentation of a phonologically related word facilitates the retrieval of a subse- Note. Mean multiple-choice accuracy scores were computed on the total number of trials, whereas scores for prime chosen reflect proportions computed on error-trials only. Bold values represent the proportion of error responses where the prime given was in fact chosen by the participant. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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quent target word to a low-frequency word definition, compared with semantically related and unrelated words. Phonological facilitation in target retrieval accuracy was observed across both age groups (Experiments 1 and 2), and when primes were presented for 300 ms (Experiments 1 and 2), and for 48 ms (Experiment 3, younger adults only). In addition, the phonological information in the "both" prime was sufficient to produce facilitation in Experiments 1 and 2, but did not reach significance when the prime was briefly presented in Experiment 3. Overall, the phonological facilitation in the "both" condition was smaller than in the pure phonological condition and the covariate analyses that accounted for differences in phonological strength and orthographic overlap between the primes mirrored these results, and further confirmed this difference in facilitation between the phonological and "both" primes. These results are consistent with previous studies that show that exposure to phonology facilitates subsequent target retrieval. For example, James and Burke (2000) primed participants with lists of words that cumulatively contained all the syllables of the target word (e.g., for the target, abdicate, participants first pronounced a list of 10 words, including the following five words: abstract, indigent, truncate, tradition, and locate). They found that syllable priming facilitated correct retrieval and decreased TOT states. Other studies have also shown that internal or overt production of phonology (Abrams, White, & Eitel, 2003) , presentation of phonological cues (Meyer & Bock, 1992) , and syllable priming (White & Abrams, 2002) resolve retrieval failures. Furthermore, the phonological priming effect appears to be fairly stable across age groups, such that age does not interact with priming (James & Burke, 2000) , except in the case of old-old (aged 73-83 years) adults (White & Abrams, 2002) . The present experiments converge with previous literature and show that both younger and older adults experience phonological facilitation in target retrieval accuracy not only in the phonological condition, but also in the "both" condition.
A critical aspect of the present set of experiments is the inclusion of prime words that shared both semantic and phonological information with the target (i.e., the "both" primes). While Jones (1989) used "both" primes in a lexical retrieval task and found that primes related in phonology produced greater TOTs than related and unrelated primes, Meyer and Bock (1992) showed that these results were a result of a failure to counterbalance target items and primes. As discussed previously in the introduction, to our knowledge, there are only two other studies that have explored the influence of primes which include both semantic and phonological information, and so we now provide a brief discussion of how the present results add to these previous studies. Oberle and James (2013) examined the influence of presenting "both" primes that shared the full first name with the target word on retrieving proper names. They found that prior exposure to "both" primes led to increased correct responses to a target celebrity photo, and also reduced the incidence of TOT states. However, it is unclear if the "both" primes in the Oberle and James (2013) study reflected semantic, phonological or lexical information because the full first name was presented as the primes in the "both" condition. Moreover, Oberle and James (2013) did not include primes that shared only phonological or only semantic information with the target, so it is unclear whether the facilitation observed in their experiments is solely due to the influence of phonology or semantics, or both. Our results suggest that the observed facilitation is likely due to the overlap in phonological information in the "both" primes, because we observed facilitation in the "both" condition in our experiments, compared with either the semantically related or unrelated conditions. Indeed, studies on picture naming have shown that semantically related words may in fact Figure 6 . Mean proportion of errors on the multiple-choice task in Experiments 2 and 3, for trials in which participants were given "both" and semantic primes. Error bars represent standard errors of the mean. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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PRIMING LEXICAL RETRIEVAL tapraid5/zfv-xlm/zfv-xlm/zfv99918/zfv3822d18z xppws Sϭ1 2/23/19 9:10 Art: 2018-0229 diminish phonological priming (Abdel Rahman & Melinger, 2008; Cutting & Ferreira, 1999) . We will return to this issue below. White et al. (2013) showed that "both" primes can in fact moderate the effect of phonology. They presented participants with target definitions, followed by primes that were "both", phonological, or unrelated to the target word. As previously discussed, their results showed that participants were less likely to resolve TOTs following exposure to a "both" prime that shared only the first syllable with the target, compared with first-syllable phonological primes, suggesting that semantic overlap reduced the ability of shared phonology to facilitate TOT resolution.
The present study differed from the previous two studies in a number of important ways. First, in addition to the prime conditions they used, we also included primes that are only semantically related to the target, allowing us to measure the effect of "both" primes relative to primes that overlap with the target only in phonology or only in semantics. Second, our pilot data indicates that our "both" primes had a high degree of both phonological and semantic relatedness, similar to the only phonological and only semantic primes, albeit a bit smaller. Third, our phonological and "both" primes primarily shared the first syllable with the target, given that the initial onset may be particularly important in lexical retrieval (Forster & Davis, 1991) . Fourth, in addition to probing participants for TOT states, we also asked participants if they had any other words in mind. This allowed us to explicitly test for the presence of "blocking" words, thus differentiating between a deficit in transmission of priming (Burke et al., 1991) versus blocked access to the target word (Hasher et al., 1999; Jones, 1989) . Our results provide no evidence of "blocking" for any prime types or age groups, because participants were equally likely to choose the TOT and "other word in mind" to characterize their retrieval state across prime types (see Figure 4) . Finally, it is noteworthy that our results also show that primes that overlapped only in phonology produced facilitation in target retrieval, even when these primes were presented for very short durations (48 ms, Experiment 3).
Interestingly, primes that shared "both" phonology and semantics with the target fell between only phonological and only semantic or unrelated primes. Indeed, a one-way ANOVA on target retrieval accuracy, collapsed across experiments and age groups (which did not interact with prime type), revealed that participants benefited most from only phonological primes, compared with semantic, t(171) ϭ 7.81, p Ͻ .001; "both", t(171) ϭ 4.91, p Ͻ .001; and unrelated primes, t(171) ϭ 8.86, p Ͻ .001. Importantly, the "both" primes did produce reliable facilitation, relative to semantic, t(171) ϭ 2.79, p ϭ .006, and unrelated primes, t(171) ϭ 3.42, p Ͻ .001. Further, semantic primes did not differ from unrelated primes, t(171) ϭ 0.59, p ϭ .554, suggesting that pure semantic information does not facilitate target retrieval. Thus, our results clearly indicate that although reduced, there still is a facilitatory effect of the phonology in the "both" primes compared with the semantic and unrelated primes. Importantly, as shown by our covariance analyses, this reduced facilitation from the "both" prime, compared with the phonological prime, persists after controlling for phonological ratings and orthographic overlap between the prime and target. Thus, it appears that the strength of the shared semantic information between the "both" prime and the target is critical in determining the amount of facilitation observed in subsequent target retrieval.
Given that we obtained estimates of ratings of the semantic and phonological overlap, and Levenshtein distances between the prime and target for each individual pair, we were able to examine if the degree of strength of the relationship on semantic or phonological levels is predictive of the facilitation and/or inhibition observed in target retrieval. In order to examine this at an item level, we used generalized linear mixed models (with a logit link) from the lme4 package (Bates & Sarkar, 2006) in the RStudio environment (R Version 3.4.2, R Development Core Team, 2013) to examine the relationship between prime-target association ratings, Levenshtein distances, and retrieval accuracy. Figure 7 displays the predicted probabilities for target retrieval accuracy as a function of the rating given to the prime-target semantic or phonological association, for different levels of item difficulty, 3 across all experiments (see Table 4 for the best-fitting model estimates indicating the effect of phonological and semantic ratings). Importantly, we observed that higher ratings of prime-target association on the phonological dimension produced higher target retrieval accuracy. In contrast, higher ratings on the semantic dimension produced lower target retrieval accuracy. Note that, interestingly, the pattern for the "both" prime was similar to the phonological prime when rated on phonology, and similar to the semantic prime, when rated on semantics, further suggesting that attention to a particular dimension (e.g., sound or meaning-based) between the prime and target has differential influences on lexical retrieval.
These analyses provide further insight into the combined influence of phonology and semantics in the "both" condition on retrieval processes. Given the reduced facilitation from "both" primes, compared with the purely phonological primes, and the inverse relationship of semantic strength with target retrieval accuracy in the item analyses, these results suggest that semantic association can modulate the benefits of phonological information. The inhibitory effect of strong semantic overlap between the distractor and target word has been previously reported in lexical retrieval picture naming tasks (Finkbeiner & Caramazza, 2006; Starreveld & La Heij, 1996) . Hence, it is possible that if we used strong associates that this would totally eliminate any phonological facilitation. It should also be noted that our results are consistent with those of White et al. (2013) for the first-syllable primes, which provided clear evidence that overlapping semantic information likely introduces some degree of competition into the lexical selection process, leading to a reduced likelihood of successful lexical retrieval, compared with the phonological prime condition. This pattern of results is most consistent with a spreading-activation/transmission-deficit framework, according to which phonological overlap facilitates retrieval by activating the phonological codes. At the same time, semantic relationships can produce sufficient competition with the target node (as described by Piai et al., 2011 ; see also Finkbeiner & Caramazza, 2006) and hence hinder retrieval of that word.
State Declaration Results
Immediately after participants received the definitions and the primes, they reported their current retrieval state. In addition to "know" and "don't know" responses, participants could select a "TOT" response or "another word is coming to mind" response. There are a number of consistent and noteworthy effects in these state declaration results. First, compared with younger adults, older adults were more likely to rely on "know" or "don't know" responses than TOT or "another word coming to mind" responses. This difference in metacognitive reports diverges somewhat from studies that show that older adults experience more TOT states (Burke et al., 1991; Heine et al., 1999) . We believe that the inclusion of an immediate multiple-choice test may be important here. Specifically, older adults benefit from tasks that provide environmental support (e.g., multiple-choice) versus those that do not (e.g., lexical retrieval, see Craik, 1983) , and so older adults may simply rely more on "know" and "don't know" states in anticipation of receiving the correct answer in the multiple-choice.
One can hypothesize that the state declarations of having another word in mind or being in a TOT state, require more cognitive effort than simply defaulting to either knowing or not knowing an answer almost immediately after reading the definition. Under this assumption, and the fact that the current paradigm involved an immediate multiple-choice test, affording environmental support, older adults may just be more likely to not reflect on their metacognitive retrieval state as much in this paradigm, and simply default to the immediate sense of "knowing" or "not knowing" an answer. Thus, because older adults know that they can simply choose the correct answer from the immediately following multiple-choice task, they may be less likely to spend cognitive effort on more subtle state declarations and default to choosing only "know" and "don't know" retrieval states at the time of retrieval. Of course, this is a post hoc account that would need a more direct test to examine this hypothesis.
Second, and importantly, there were consistent influences of prime type on the likelihood of participants selecting the "know" This document is copyrighted by the American Psychological Association or one of its allied publishers.
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response. Specifically, participants were more likely to select the "know" response for primes that had any relation to the target answer compared with unrelated primes. This effect is particularly intriguing in the semantic condition, because this condition did not produce any benefit in lexical retrieval compared with the unrelated condition. This false "knowing" occurred across both age groups, under conditions in which participants were explicitly told that the primes were not the correct answer, and even for the very briefly presented primes in Experiment 3. It appears that participants believe that semantically related information will produce some benefit in lexical retrieval, even though there is no evidence that this is the case, and indeed there is evidence of inhibition from strong semantic associates based on the generalized linear mixed effects analyses.
Age-Related Differences in Multiple-Choice Selection
In addition to examining the influence of a single prime on target retrieval, and state declaration, an important third motivation for this study was to examine the influence of lingering prime information on subsequent performance on an immediate multiplechoice decision. We were mainly interested in exploring agerelated differences in the ability to control distracting information produced by the prime item embedded in the multiple-choice query to select the correct answer. Our results demonstrate that the presentation of related information in the semantically related and "both" conditions increased false alarms to the prime item, compared with unrelated and phonological conditions. This effect occurred even when related information (primes) was presented very briefly, as in Experiment 3, for the younger adults. Importantly, compared with younger adults, older adults were more likely to choose the prime they were given as the answer to the definition in the multiple-choice task, even when explicitly instructed that the prime was not the answer to the definition (Experiment 2). Results from Experiment 3, where younger adults were presented the primes at a threshold level, yielded similar results to the older adults in Experiment 2. We interpret these results to indicate that the ability to distinguish between the source of the activation of relevant (target) and irrelevant (prime) information is critical to performance in the multiple-choice task. Our findings are consistent with pattern previously reported by Logan and Balota (2003) , such that older adults are specifically impaired at determining the source of activation when highly related information is available to them, even when provided with specific instructions against the use of the prime. As in Logan and Balota (2003) , we were able to mimic this pattern in younger adults, when the primes were presented near threshold. In addition, our results provide evidence that information that is related in both semantics and phonology (i.e., the "both" primes) not only reduces facilitation from phonology during lexical retrieval (as previously discussed), but also produces increased interference in a subsequent recognition task, especially in older adults.
A potential concern with the findings from the multiple-choice task is that the unrelated primes for the target words differed from the other primes on several dimensions (see Appendix). Thus, participants may easily identify the unrelated prime as an incorrect answer on the multiple-choice, leading to potential inflation in multiple-choice accuracy and errors made in the semantic and "both" conditions. However, we do not see any consistent differences in the likelihood of choosing the phonological and unrelated primes, specifically when participants did not receive these primes. This suggests that it is unlikely that participants were differentially choosing the phonological and unrelated primes in the multiplechoice, just based on item characteristics in the multiple-choice test. Note. Higher ratings on the phonological dimension predict greater retrieval accuracy, whereas higher ratings on the semantic dimension predict lower retrieval accuracy.
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Conclusion
The present experiments provide strong evidence for ageinvariant phonological facilitation during lexical retrieval. Moreover, Experiment 3 indicates that such facilitation can occur with very brief durations in younger adults, and hence appears to be more automatic in nature. These results also suggest that the "both" prime does not produce as much facilitation as the phonological prime, implying that weak semantic information shared between the prime and target moderates the effect of phonology. We have also shown via generalized linear mixed models a clear positive relationship between phonological strength and successful target retrieval accuracy and a clear inhibitory effect of semantic strength and successful target retrieval. Finally, there were agerelated differences in the persisting influence of competing information on an immediate multiple-choice test, such that older adults are disproportionately impaired at discounting persisting, but irrelevant information on a subsequent multiple-choice task. Given that this older adult pattern was mimicked in a study where younger adults received the primes with very brief presentation, we believe this latter effect most likely reflects a source discrimination deficit.
